In a culture medium containing bovine liver catalase, but lacking exogenous free amino acids, only two vitamins (choline and folic acid) were found to be essential for the continuous in vitro multiplication of seven different infective strains of Trypanosoma cruzi. The provision of additional vitamins or sugars had no stimulatory effect under these culture conditions. These, and previous studies, have allowed the design of a trypanosomal minimal medium composed only of bovine liver catalase, choline, folic acid, glucose and inorganic salts. This was able to support the continuous cultivation of T. cruzi for more than 12 consecutive passages (i.e. about 160d of culture). By several criteria, namely morphological features as seen by electron microscopy, infectivity for vertebrate and invertebrate hosts, glucose utilization and protein biosynthesis, this medium (which is the simplest so far described) proved to be nutritionally adequate for Trypanosoma spp. In addition, the medium appeared to be relatively specific for T. cruzi, as it did not support the growth of T . rangeli and American isolates of leishmania.
RESULTS
In MCRM supplemented as described previously (Avila et al., 19794 ) the seven T. cruzi strains studied reached an average maximum concentration of about 15 x 1 O6 organisms ml-l after 10 d cultivation. Strains A-35 and Ya attained the highest (19 x lo6 organisms ml-I) and lowest (7 x lo6 organisms ml-I) levels of growth in this medium respectively. These levels of growth amount to 34% of the average maximum growth obtained with a richer, undefined but conventional LIT medium (Pkrez-Kepp et al., 1981). The mean growth level reached in MCRM represented a 30-fold multiplication over the initial concentration of cells in the inoculum.
The results in Table 2 show that all seven T. cruzi strains grew in TMM in a continuous manner (although at different rates) for at least 13 successive passages. The Bertoldo strain gave the highest levels of growth and Ma strain gave lowest levels by comparison with the extent of growth in the control medium (MCRM). The highest average T. cruzi concentrations in TMM during 13 consecutive passages for all seven strains was about 9 x lo6 organisms ml-l, which represents an 18-fold multiplication over the inoculum. The growth curves obtained in MCRM and TMM (average for seven strains) are shown in Fig. 1 . Maximum growth in TMM was equivalent to 63% of that in MCRM and 20% of that in LIT medium (Pkrez-Kepp et al., 1981) .
No difference in T. cruzi growth-promoting activity was found between BLC added as purified powder (Sigma; C-40) or as twice crystallized enzyme (Sigma; C-100). However, for practical reasons, most of the experiments reported in this paper were carried out with C-40 preparations.
After several consecutive passages, T. cruzi strains obtained directly from MCRM were cultured in TMM under three different experimental conditions: (1) in the presence of the complete vitamin mixture used in MCRM, (2) in the presence of choline and folic acid plus only one of the other vitamins present in MCRM, (3) in the presence of folic acid alone. It was found that the individual addition of pantothenate, inositol, nicotinamide, pyridoxal, riboflavin and thiamin at the concentrations used in MCRM had no effect on parasite yield in TMM, although the addition of the total vitamin mixture allowed a marked increase in multiplication, growth being comparable to that obtained for T. cruzi strains routinely maintained in MCRM. Omission of choline lowered the parasite yield by about 50%. These results confirmed the excellent viability of T. cruzi epimastigotes grown in TMM, and the importance of choline for maintaining high rates of cellular multiplication. After demonstrating the continuous multiplication of T. cruzi epimastigotes in TMM, we then studied the infectivity for vertebrate and invertebrate hosts of these culture forms. All ninth passage T. cruzi strains obtained from TMM were infective for NMRI mice and nymphs of R. prolixus. Despite the lack of exogenous free amino acids in TMM, the glucose consumption and pH changes were similar to those in MCRM (Fig. 3) ; maximal glucose consumption was reached after 10 d of culture, 80% of total glucose present at the time of inoculation being consumed. This indirectly suggests that glucose utilization by the parasite is similar in both media, and that BLC, after intracellular hydrolysis, provides enough free amino acids to fulfil the nutritional requirements of actively growing epimastigotes.
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The [3H]leucine incorporation into soluble proteins was significantly higher in TMM compared with MCRM (Table 3) , possibly as a result of competition from other free amino acids present in the MCRM. However, in order to eliminate this possibility, [3H]leucine was also added at 10 x the initial concentration. Incorporation was still found to be significantly higher in TMM, suggesting the possible existence of metabolic differences between TMM-and MCRM-cultured epimastigotes.
Finally, light microscopic analysis of the different cellular forms present in TMM revealed 96% epimastigotes and 4% trypomastigotes in the stationary phase of the culture, which compares closely to the distribution in MCRM.
DISCUSSION
Our main concern in developing a T. cruzi minimal medium was to find combinations of nutrient supplements to BLC which will support the continuous growth of infective parasites at a reasonably high rate. The evidence indicates that a medium composed of BLC, choline, folic acid, glucose and inorganic salts is able to support the growth of T. cruzi epimastigotes to an average level of about 9 x lo6 cells ml-1 for all seven T. cruzi strains tested over 13 consecutive passages.
Multiplication was not further improved by addition of other vitamins (p-aminobenzoic acid, biotin, pyridoxine, pyridoxamine, ascorbic acid, vitamin B1 2) or carbohydrates (ribose, xylose,
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trehalose) (unpublished results). Also, increased concentrations of the co-factors in TMM did not give increased growth .
Evidence was obtained of the key role of choline in supporting T . cruzi multiplication. Our results differed from those obtained with Crithidia fasciculata (Palmer, 1974) , for which the availability of exogenous choline does not influence the rate of cellular growth. Regarding the possible role of choline in T . cruzi multiplication, it is known that this co-factor can serve as a precursor for phospholipid biosynthesis, and is also a labile methyl group donor.
The average maximal growth in TMM is about 20% of that attained in a conventional medium such as LIT, but this was to be expected from a defined and nutritionally poorer medium. On the other hand, the usefulness of TMM would be severely limited if the properties of the parasites, such as infectivity, morphology or metabolism, were radically changed when grown in this minimal medium. However, such problems have not materialized in our studies. Thus, ultrastructural morphology is similar to that previously reported for T. cruzi epimastigotes (Bretaiia & O'Daly, 1976; deSouza et al., 1978) . Also, infectivity is similar to that obtained previously with cultured T. cruzi when tested in NMRI mice (Avila et al., 1979a) , or when R . prolixus were fed with MCRM-derived T. cruzi forms. Glucose consumption was the same in both MCRM-and TMM-cultured epimastigotes, although [3H]leucine incorporation differed.
It must be stressed that neither TMM nor MCRM is able to support Trypanosoma rangeli multiplication (Avila et al., 198 1 b) or Leishmania brasiliensis and Leishmania mexicana proliferation (Avila et al., 1979 a), suggesting that these Trypanosomatidae have different nutritional requirements. TMM, therefore, represents the first defined minimal trypanosomal medium that is useful for the specific cultivation of infective T . cruzi. As previously suggested (Avila et al., 1979a) , BLC acted in TMM as an adequate nutritional factor, fulfilling all the amino acid requirements of actively growing parasites. It should be noted that no difference in T. cruzi growth-promoting activity was found between BLC used as powder (Sigma; C-40) or twice crystallized enzyme (Sigma; C-100). Furthermore, as previously reported (Avila et al.,  1979a) , PAGE of both C-40 and C-100 preparations of BLC revealed a major band corresponding to about 90% of the protein added to the gel and a second minor band probably corresponding to denatured protein (Sumner & Gralkn, 1938) .
The fact that seven different T. cruzi strains (six from Venezuela and another from Brazil) grew quite well in TMM also demonstrates that we are not dealing with the cultivation of an unrepresentative 'mutant' strain.
The presence of endosymbionts has been reported in Crithidia oncopelti, Crithidia deanei and Blastocrithidia culicis (Chang, 1974; Mundim et al., 1974) . In order to eliminate any possibility of contamination of our T. cruzi strains, serial electron microscopic and microbiological studies were undertaken, and no symbionts were found.
The authors wish to thank Dr J. Velizquez for providing R. prolixus nymphs, Dr Neil Lynch for comments on this manuscript and Mrs Candelaria de Aranguren for excellent secretarial services. This work was supported by CONICIT project SAL-1075.
